Introduction
Colorectal cancer (CRC) is the second leading cause of cancer death in Western countries, and notwithstanding the efforts made to improve chemotherapy, response rates have not been associated with a significant survival benefit. For many years, standard therapy for advanced CRC has been based on the thymidylate-synthase inhibitor 5-fluorouracil (5-FU). Recently, new compounds with different mechanisms of action have demonstrated increased response rates (Fishman and Wadler, 2001) . CPT-11, as a single agent, showed tumor response in patients with 5-FU-resistant CRC (Sobrero et al., 2000) . CPT-11 has been approved, in combination with 5-FU and the modulator leucovorin, as first-line chemotherapy for patients with metastatic CRC (Rougier and Mitry, 2001; Vanhoefer et al., 2001) . CPT-11 is a semisynthetic derivative of camptothecin, converted in vivo into its active form SN-38, with cytotoxic effects exerted through its binding to and inhibition of the DNA-associated nuclear enzyme topoisomerase 1 (top1), thus stabilising top1 DNA cleavable ternary complexes (Tanizawa et al., 1994) . This impedes the DNA-religation reaction and results in DNA doublestrand breaks, eventually leading to apoptosis (Kjeldsen et al., 1992) .
Sensitivity to CPT-11 might depend on top 1 activity, tumor-associated deficiencies in DNA repair and cellcycle regulation, and on the inability of cancer cells to repress apoptosis. In this context, the influence of the p53 status to the response of tumor cells to CPT-11 remains controversial. First, p53 would contribute by protecting cells against CPT-11-induced damage, as shown by the correlation of CPT-11 with long-term arrest in the p53 þ / þ HCT116 colorectal carcinoma cell line, and with apoptosis in the p53 À/À knocked-out derived HCT116 cell line (Magrini et al., 2002) . In addition, increased cytotoxicity was observed in MCF-7 breast carcinoma and HCT116 cells upon p53 inactivation (Gupta et al., 1997) . Second, p53 would sensitise cells to CPT-11, as described in a variety of human cancer cell lines and normal human fibroblasts (Blagosklonny and El-Deiry, 1998) . In vivo studies with xenografted human CRCs have shown that mutated p53 status correlated with a poor response to CPT-11 (BrasGoncalves et al., 2000) , and with significantly lower levels of DNA-top1 complexes trapped by camptothecin (Lansiaux et al., 2001) . Finally, the combination of irradiation and SN-38 treatment showed supra-additive effects on fibroblasts, independent of the p53 status (Xie et al., 2000) .
To better understand the involvement of p53, we compared, both in vitro and in vivo, the sensitivity to CPT-11 in the mutant (mut)-p53 HT29 colon cancer cell line and the wild-type (wt)-p53 subclone HT29-A4. We observed that the presence of a functional p53 resulted in an improved response to CPT-11. We used DNAmicroarray technology to characterise in vitro the molecular mechanisms defining the cellular response to CPT-11 both in the presence and in the absence of a functional p53. The accumulation of the G2/M cyclindependent kinase (cdk)1/cyclin B complex in the p53-deficient cells led us to design a chemotherapy combination to increase their sensitivity to CPT-11 both in vitro and in vivo, by additional administration of the cdkinhibitor (cdk-I) CYC-202.
Results
Activation of stably transfected wt-p53 blocks cell-cycle progression in CPT-11-treated HT29 cells
To investigate whether the status of p53 modulates the effect of CPT-11 on cell-cycle progression, we specifically focused on the S phase, where this top1 inhibitor exerts its action by activating the DNA-damage checkpoint. For this purpose, cells were synchronised in G0/G1 by serum starvation for 48 h (see Materials and methods), CPT-11 was added to the medium 6 h after the release from the block, when cells started to cycle, and the progression through the cell cycle was analysed by 5-bromo-2 0 -deoxyuridine (BrdU) incorporation in wt-p53-and mut-p53-treated cells. Both untreated HT29 and HT29-A4 cells behaved similarly: FACS analysis showed a peak of 70% of cells in G0/G1 after 48 h of serum starvation; cells progressed into the S phase around 16 h after release, through G2/M at 24 h, and completed a cell cycle approximately 36 h after release from the block (Figure 1a ). In contrast, both wtp53 and mut-p53 cells were blocked in the S phase when incubated up to 36 h in the presence of CPT-11 at 1 mM, a concentration that effectively blocks synchronised HT29 cells (not shown) (Figure 1b) . Interestingly, wtp53 cells were blocked in the early S phase, in contrast to mut-p53 cells, arrested in the late S-phase (Figure 1b ). This suggested that in wt-p53 HT29-A4, cell-cycle arrest resulted from the immediate stabilization and activation of wt-p53 in response to CPT-11. Western blot analysis of p53 protein levels further confirmed the induction of the transfected wt-p53 in CPT-11-treated versus untreated HT29-A4 cells. Two bands were detected with the a-p53 antibody in untreated cells, CPT-11 treatment resulting in a significant induction of the upper band that might correspond to the stabilized and activated form of the protein (Figure 1c ). It should be noted that p53 protein levels were also slightly increased after CPT-11 treatment in mut-p53 cells, probably reflecting the stabilization of the mutated inactive form of p53 (Figure 1c) . We analysed the functionality of the activated wt-p53 by testing the induction of the downstream p53 gene mdm2. The Mdm2 protein binds to p53 and acts as its major cellular antagonist, ubiquitinating p53 and addressing it to degradation by the proteasome. Moreover, the mdm2 gene is a direct target for positive transcriptional activation by p53, thus defining the basal p53/mdm2 autoregulatory loop that results in the continuous repression of p53 activity and its maintenance in a biologically inert state (Oren et al., 2002) . We observed that mdm2 was specifically induced in CPT-11-treated wt-p53 cells (Figure 1c ). From these results we can conclude that in HT29 cells, the stably transfected wt-p53 was activated in response to CPT-11, promoting a p53-dependent cell-cycle arrest.
In vitro enhanced sensitivity to CPT-11 of wt-p53 versus mut-p53 HT29 cells
We analysed whether the dominant expression of wt-p53 influenced the sensitivity of this colon cancer cell line to CPT-11. As shown by cell proliferation assays, incuba- Figure 2a ). This suggested that, in addition to the cellcycle arrest due to the activation of the stably transfected p53, CPT-11 treatment was associated with an increased apoptosis in wt-p53 cells. This was further confirmed by Western blot analysis of the p85 fragment of poly-ADP-ribose polymerase (PARP) that results from the caspase cleavage of the 116 kDa intact protein (Whitacre et al., 1999) (Figure 2b) . Moreover, the activation of caspase-3, one of the main executers of apoptosis and responsible for PARP cleavage, by proteolytic processing into activated p17 and p12 subunits, was confirmed in wt-p53 cells treated with CPT-11, in comparison to mut-p53 cells (Figure 2b ).
In vivo enhanced sensitivity to CPT-11 of wt-p53 versus mut-p53 HT29 cells
We compared the response to CPT-11 in wt-p53-and mut-p53-established xenografts. Both high (40 mg/kg/ day) and low (10 mg/kg/day) CPT-11 concentrations inhibited the growth of wt-p53 xenografts with a mean tumor growth inhibition (TGI) of 60% and a mean tumor growth time (TGT) of 18 (77) and 87% and a mean TGT of 30 (77), respectively (Table 1) . Moreover, CPT-11 treatment at both doses significantly delayed the tumor growth of mice bearing the wt-p53 HT29-A4 hCRC xenografts, as shown by the relative tumor volume (RTV) values plotted against time ( Figure 2c ). In contrast, mut-p53 xenografts were resistant to CPT-11 at a low dose, although at a high dosage some growth inhibition was observed (BrasGoncalves et al., 2000; see below). These results indicate that, at least in the mutated p53 colon cancer cell model used, the introduction of a functional p53 significantly improved the response to CPT-11.
Involvement of p21 WAF1/CIP1 in CPT-11-induced cell-cycle arrest
To understand the mechanism underlying cell-cycle arrest in response to CPT-11, we used cDNA-macroarray technology (SuperArray) for the analysis of the expression profile of a panel of 96 genes involved in the cellcycle regulation. These arrays are focused on cdk genes as main regulators of cell cycle, and genes regulating the activities of cdk's at multiple levels, such as cyclins, cdkIs, cdk phosphatases and cdk kinases. In addition, they include genes essential for DNA damage and mitotic spindle checkpoints, as well as genes in the Skp1-cullinFbox and anaphase promoting complex/cyclosome ubiquitin-conjugation complexes. We first observed a slight activation of p21 WAF1/CIP1 in both wt-p53 and mutp53 cell lines treated with 1 mM CPT-11 ( Figure 3a) . Quantitative real-time PCR analysis confirmed a 5.8-and sevenfold increase in p21 WAF1/CIP1 expression in CPT-11-treated HT29-A4 and HT29 cells, respectively. We also performed Western blot analysis to confirm the DNA-microarray indication that p21 WAF1/CIP1 was involved in the response to CPT-11. We found that the faint transcriptional activation corresponded to a significantly higher induction of p21 WAF1/CIP1 protein levels in the mut-p53-treated cells, compared to those of e Tumor-free mice were defined as mice without any palpable tumor at the end of the experiment. The twopaired Student's t-test was used. *Significantly different from the control group: 10
p53-related sensitivity to irinotecan in HT29 cells M Abal et al wt-p53-treated cells (Figure 3b ). This suggests that the S phase cell-cycle arrest, observed when both wt-p53 and mut-p53 cell lines were incubated in the presence of CPT-11, resulted from the induction of p21 WAF1/CIP1 .
Induction of cdk1 in CPT-11-treated p53-deficient cells
In addition to the induction of p21
, DNA macroarrays showed that among the 96 genes involved in the cell-cycle regulation, the most significant and specific variation in CPT-11-treated p53-deficient cells that could underlie their response to this drug in the absence of a functional p53, corresponded to an increased cdc2/cdk1 expression, the kinase responsible for cell-cycle progression through the S phase to G2/ mitosis (Figure 3a) . To confirm these results, cdk1 transcription was assessed by quantitative real-time PCR. A significant maximal induction of 2.6-fold increase in cdk1 expression was observed in HT29 CPT-11-treated cells relative to HT29-A4-untreated cells. Consistent with DNA-macroarray analysis, cdk1 levels did not significantly vary in CPT-11-treated HT29-A4 cells and -untreated HT29 cells relative to HT29-A4-untreated cells (Figure 3c ). Moreover, Western blot analysis confirmed the increased levels of cdk1 in mut-p53 cells treated with 1 mM CPT-11 (Figure 3b ).
Cdk's form complexes with their respective cyclins depending on the phase of the cell cycle, the cyclin being the regulatory unit and the cdk the catalytic partner. We thus analysed whether the increased cdk1 expression correlated with the expression of one of its corresponding cyclins: the cyclin A, known to complex cdk1 in the late S/G2 phase, or the cyclin B, involved in the G2/M transition. The kinetics of cdk1 expression in mut-p53 cells treated with CPT-11 paralleled those of cyclin B but not cyclin A (Figure 4a ). This indicates that, while cells were blocked in the S phase, their cell-cycle regulators corresponded to that of the G2/M transition. Interestingly, we also observed that the increase in cdk1/ cyclin B expression occurred before that of p21 , in mut-p53 cells incubated during 24 h with 1 mM CPT-11 (Figure 4c) . We conclude that, in the absence of a p53-dependent response to CPT-11, the accumulation of high levels of cdk1 was counteracted by p21 WAF1/CIP1 induction, an interaction that is known to promote cdk1 inhibition, 
Enhanced sensitivity of p53-deficient HT29 cells to CPT-11 after additional treatment with CYC-202
The characterisation of the molecular mechanism underlying the response to CPT-11 in p53-mut HT29 cells prompted us to improve their sensitivity to CPT-11 by exploiting the accumulation of cdk1 after 24 h of treatment, and designing an additional incubation with the cdk-inh CYC-202. Mut-p53 HT29 cells were initially pretreated with 1 mM CPT-11 for 24 h; then CYC-202 was added to the medium and cells were further incubated to a maximum of 24 h in the presence of both drugs. Untreated cells, cells treated for 48 h with CPT-11 alone and with CYC-202 alone for 24 h were used as controls. Treatment with CYC-202 alone promoted cellcycle blockage (Figure 5a ). In contrast, the addition of CYC-202 to cells that have accumulated cdk1 by pretreatment with CPT-11 resulted in a significant decrease in cell proliferation when compared with CPT-11 alone (Figure 5a ). Western blot analysis of caspase-3 cleavage showed an increased apoptosis after the additional treatment with CYC-202, in comparison to CYC-202 or CPT-11 alone (Figure 5b ). We also analysed this hypothesis in vivo, by sequential administration of CPT-11 and CYC-202 in nude mice bearing HT29 tumor xenografts. TGT (days to reach a fourfold increase in tumor volume from the size at the start of treatment) showed an additive effect of the combination between CPT-11 and CYC-202 (TGT7s.d.: 3071.7), when compared to CPT-11 alone (2271.9), CYC-202 alone (1271.2) or control untreated (971) (Figure 5c ). These results led us to propose a combination of CPT-11 and a cdk-inh as a reasonably designed therapy in CRC, when mutations in p53 diminish the sensitivity to the top1 inhibitor CPT-11.
Discussion
CRC is considered the paradigm of the multistep progression cancer model, where genetic alterations accompany tumorigenesis (Fearon and Vogelstein, 1990) , although alternative genetic pathways may contribute to the progression of the disease (Janssen et al., 2002; Smith et al., 2002) . Crucial molecular events involve alteration and mutation of adenomatous polyposis coli (APC) and Kirsten-ras (K-ras) genes. In addition, mutations in the tumor-suppressor gene p53 appear to be a late phenomenon in CRC, which may allow the growing tumor with multiple genetic alterations to evade cell-cycle arrest and apoptosis (Gryfe et al., 1997; Arends, 2000) . Nowadays, it is largely assumed that in addition to being directly responsible for the antitumor effect, agents damaging DNA may initiate postdamage responses by activating cell-cycle checkpoints (Johnstone et al., 2002) . Accordingly, the integrity of these damage responses might also influence treatment sensitivity, and disabling apoptotic pathways activated by anticancer agents may contribute to resistance (Lowe et al., 1993) . We analysed this hypothesis in terms of p53 status and the response to CPT-11, a DNA-damaging agent. We observed that CPT-11 treatment in G0/G1 synchronised HT29 cells transfected with wt-p53, resulting in a functionally active p53 leading to cell-cycle arrest in the S phase. We also observed that the presence of a functional p53 correlated in vitro with an increased apoptosis and in vivo with an improved sensitivity, in response to CPT-11. These results are in agreement with those obtained in a comparative study between wt/mut-p53 hCRC xenografts, showing that mutated p53 correlated with a poor response to CPT-11 (Bras-Goncalves et al., 2000) . By using cDNA-macroarray technology, the dissection of the response to CPT-11 might ideally provide with new targets to enhance the sensitivity of p53-mutated CRCs to CPT-11. The analysis of the expression profile of a panel of genes involved in the cell-cycle regulation showed that the S phase cell-cycle arrest induced by CPT-11 resulted from the induction of p21 WAF1/CIP1 . p21 WAF1/CIP1 is found in a complex involving cyclins and cdk's and appears to be a universal inhibitor of cdk activity. The induction of p21 WAF1/CIP1 can occur in response to DNA damage or mitogenic stimuli and even during differentiation, both in a p53-dependent and -independent fashion. The upregulation of p21 WAF1/CIP1 has been related to both p53-dependent and -independent apoptosis in breast cancer after CPT treatment (Liu and Zhang, 1998) , and the Fas pathway and ceramide signaling have been implicated in the p53-independent induction of apoptosis by camptothecintreated mut-p53 HT29 cells (Shao et al., 2001; Chauvier et al., 2002) . We further demonstrated that in mut-p53 HT29 cells treated with CPT-11, p21 induction was related to a specific accumulation of the G2/M cyclindependent kinase cdk1. Unscheduled activation of cdk1 has been observed in CPT-11-treated human promyelocytic leukemia HL60 cells prior to apoptosis (Shimizu et al., 1995) . All these results led us to propose two mechanisms implicated in the response to CPT-11, in wt-p53 and in mut-p53 conditions (Figure 6a ). First, a functional p53 is capable of triggering a direct response to CPT-11, probably by activating the DNA-damage checkpoint in response to the DNA double-strand breaks. This would involve the activation of the downstream-upregulated p21
, eventually promoting apoptosis as a result of a sustained blockage. Second, in mutated p53 cells, CPT-11 imposes an arrest in cell-cycle progression during the S phase, probably due to the inability of cells to complete DNA synthesis successfully. Nevertheless, in the absence of a functional p53 activating the response to CPT-11, the cell-cycle machinery continues to progress and to accumulate cdk1/cyclin B complexes; p21 WAF1/CIP1 is then induced in a p53-independent manner to suppress cdk1 activity and to block cells from progressing into G2/M. We are currently characterizing this p53-independent p21 WAF1/CIP1 induction in response to the unscheduled activation of cdk1.
Recent work showed that treatment of the human colon cancer cells HCT116 with SN-38 resulted in G2 cell-cycle arrest without the induction of apoptosis. However, subsequent treatment of SN-38-treated HCT116 cells with flavopiridol induced apoptosis (Motwani et al., 2001) . In a similar approach, pharmacological abrogation of camptothecin-induced S phase checkpoint by the selective protein kinase C inhibitor staurosporine (UCN-01) has been proposed to enhance the therapeutic activity of CPT, particularly in p53-defective tumors (Shao et al., 1997) . In this work, having characterized the mechanisms that influence the response to CPT-11 based on the status of p53, we translated this transcriptional analysis into a rational therapeutic approach. We exploited cdk1 accumulation, and by additional treatment with the cdk-inh CYC-202, we specifically targeted the CPT-11 increased levels of cdk1 and significantly improved in vitro the sensitivity of mutated p53 cells to CPT-11 (Figure 6b ). This therapeutic design was also tested in vivo, demonstrating an enhanced sensitivity of mutated p53 xenografts when CYC-202 was added to CPT-11. CYC-202 appears to have the desirable property of driving HT29 cells into apoptosis rather than blocking cell-cycle progression, as might be expected from a cdk-inh, although it should be noted that we have not attempted to ascertain the mechanism of cell death. In addition, the sequential treatment we tested, exploiting the induction of cdk1 by pretreatment with CPT-11 before adding the cdk-I, introduces a completely different scenario for the mechanism of action of CYC-202. Nevertheless, our results are in concordance with a study of the cell-cycle effects of CYC-202 in Lovo colorectal carcinoma cells, showing that the major effect was not the predicted arrest in one part of the cycle, but rather an induction of cell death from all compartments of the cell cycle (McClue et al., 2002) . Additional effects of these new therapeutic compounds other than the cytostatic effect by preventing cdk activation might open interesting possibilities in combinatorial chemotherapy. On the other hand, CYC-202 showed the highest potency and selectivity for cdk2 (McClue et al., 2002) . Nevertheless, we observed no modification of this kinase using DNAmicroarray analysis under the different conditions tested. We thus conclude that the increased sensitivity of p53-deficient HT29 cells to CPT-11 when CYC-202 was sequentially administered in vitro, corresponded mainly to the effect of this cdk-inh on cdk1. The development of more potent and specific cdk-1 inhibitors should improve the combination therapy designed in this paper.
Considering that, (1) in advanced CRC the 5-year survival drops dramatically as the disease progresses, (2) that mortality is mainly associated with a metastatic process after tumor resection and (3) that mutations in the p53 gene strongly interfere with the control of tumor cell growth and dissemination, a therapy specifically targeting CRCs with mutated p53 should lead to improved outcomes in their treatment. WAF1/CIP1 induction leading to cell-cycle arrest, and eventually triggering apoptosis as a result of a sustained blockage. In mut-p53 HT29 cells, no p53-dependent response is activated after CPT-11-induced DNA damage, and the cell-cycle regulatory machinery progresses through the S phase; p21 WAF1/CIP1 is then activated to inhibit the accumulated cdk1/cyclin B complex, thus preventing cell progression into G2/mitosis. (b) Sensitivity to CPT-11 in wt-p53 and mut-p53 HT29 cells. The activation of p53 in response to CPT-11 eventually leads to apoptosis as a result of a sustained cell-cycle arrest. In mut-p53 cells, the additional incubation with CYC-202 exploits the accumulation of cdk1/cyclin B complexes to improve the sensitivity to CPT-11, by inducing arrested cells into apoptosis p53-related sensitivity to irinotecan in HT29 cells M Abal et al
Materials and methods

Drugs
CPT-11 (Campto s , Irinotecan) was kindly supplied by Aventis (Vitry sur Seine, France), and CYC-202 from Cyclacel (Dundee, UK).
Cell lines
The HT29 (mutated p53 in Ala 273 codon) cell line was derived from a sigmoı¨d colon cancer of stage B1, and its subclone HT29-A4, transfected with a wt-p53 expression vector (Pocard et al., 1996) . The transfected wt-p53 had a dominant function in the HT29-A4 cell line, as shown previously for the HT29-A3 cell line (unpublished data; de Cremoux et al., 1999) . Cells were maintained in DMEM medium supplemented with 10% fetal calf serum, and under continuous selection with geneticin for the wt-p53 HT29-A4 cell line.
Cell-cycle progression and cell proliferation
Cells were synchronised in G0/G1 by serum starvation for 48 h. The addition of serum and fresh medium released cells from the block and promoted them to cycle. Cell-cycle progression was characterised by BrdU (Sigma) incorporation and FACS analysis as described (Pocard et al., 1996) . Cell proliferation was measured using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; Sigma) colorimetric reduction method, as indicated . All experiments were performed at least three independent times.
In vivo experiments
Swiss nu/nu mice, 6-15 weeks old (25-35 g/body wt), were bred in the animal facilities of the Curie Institut, Paris (France), and maintained under specified pathogen-free conditions. Their care and housing were in accordance with the institutional guidelines of the French Ethical Committee (Ministe`re de l'Agriculture et de la Peˆche, Ministe`re de la Recherche, France) and under the supervision of authorized investigators. HT29 and HT29-A4 cell lines were established as transplantable tumors by subcutaneous injection of 2 Â 10 6 cells. Randomized mice carrying subcutaneous grafts of 60-250 mm 3 tumor fragments were treated with CPT-11 administered intaperitoneally (i.p.) in a 0.2 ml volume using an intermittent schedule: two doses were tested, a high total dose of 240 mg/kg (six injections of 40 mg/kg/day every 4 days) and a low total dose of 40 mg/kg (four injections of 10 mg/kg/day every 4 days). Mice in the control groups received 0.2 ml of the drug-formulating vehicle. Combination of CPT-11 with CYC-202 was performed by sequential cycles of CPT-11 i.p. at 40 mg/kg every 7 days, followed by 3-4 consecutive administration of CYC-202 twice daily by oral gavage at 200 mg/kg.
The tumor volumes (V
, where A is the width of the tumor in millimeters and B the length) were measured every 3 days, and the RTVs were calculated from the formula: RTV ¼ (V x /V 1 ), where V x is the volume of the tumor on day x and V 1 is the volume of the tumor at the initiation of therapy (day 1). TGI was calculated as described . The two-paired Student's t-test was used.
DNA microarrays
The profile expression of panel 96 genes involved in the cellcycle regulation was performed with the Human Cell-cycle GEArrayt Q series (SuperArray, Inc., Bethesda, MD, USA). Total RNA was isolated with an RNA purification kit (Qiagen, Valencia, CA, USA), and used as the template for 32 P-labeled cDNA probe synthesis, according to the manufacturer's instructions. Hybridization was performed overnight at 601C on a nylon membrane printed with tetra-spots of genespecific cDNA fragments of the 96 cell-cycle regulation genes. After extensive washing with saline-sodium citrate (SSC) and sodium-dodecyl sulfate (SDS) buffers (2 Â SSC/1% SDS; 0.1 Â SSC/0.5 SDS), digital images of the membranes were obtained with a phosphorimager, and quantified with ImageQuant software (SuperArray).
Quantitative real-time PCR mRNA expression of the human cdk1 gene was evaluated by RT-PCR analysis using the real-time PCR machine PE7900 (ABI Prism). Reverse transcription of 2 mg RNA was performed using Superscript II RT RNase H-Reverse Transcriptase (Invitrogen Life Technologies) and oligodT primers (pd(N)6, Roche). Negative controls included samples with no reverse transcriptase. PCR reaction (denaturation at 951C for 2 min, followed by 40 cycles at 951C for 15 s and 601C for 1 min; SYBR green Core Reagents, PE Applied Biosystems) were performed in triplicate on two independent runs and normalized to the endogenous hipoxanthine phosphoribosyltransferase (HPRT) mRNA level for each reaction. Target cDNA was quantified using the delta-delta-Ct method. PCR primers were designed to anneal to specific sequences of the human p21 WAF1/CIP1 gene: 5 0 -AggAggCgCCATgTCAgA-3 0 and 5 0 -gCTgCCgCATgggTTCT-3 0 ; and of the human cdk1 gene: 5 0 -CACATgAggTAgTAACACTCTg-3 0 and 5 0 -ATggTgCC-TATACTCCA-3 0 . The sequences for the HPRT internal standard were 5 0 -gcTTTCCTTggTCAggCAgTATAAT-3 0 and 5 0 -AAgggCATATCCTACAACAAACTTg-3 0 .
Immunoprecipitation and Western blot analysis
Synchronised mut-p53 HT29 cells incubated for 24 h in the presence of 1 mM CPT-11 were lysed in RIPA buffer (Tris 50 mM, pH 8, NaCl 150 mM, NP40 1%, DOC 0.5%, SDS 0.1%, protease inhibitors). The supernatant was preincubated with protein-A sepharose (Amersham Bioscience, Sweden) before overnight incubation at 41C with 5 mg of monoclonal p21 WAF1/CIP1 antibodies (Becton Dickinson, Franklin Lakes, NJ, USA). Protein-A sepharose beads were used to isolate the target proteins coupled to the antibodies. After extensive washing in lysis buffer, the beads were resuspended and boiled in Laemmli buffer, and processed for Western blot analysis with antibodies against p21 WAF1/CIP1 and cdk1 (see below). Alternatively, cells were lysed and the supernatant boiled in Laemmli buffer. Samples were resolved on 10-12% SDS-PAGE gels, transferred onto a nitrocellulose membrane (Schleicher & Schuell, France) and incubated with primary antibodies (1 : 2000 mAb a-actin, Sigma; 0.1 mg/ml mAb a-p53 (Ab-6), Oncogene Research Products, San Diego, CA, USA; 2 mg/ml mAb a-mdm-2, Oncogene Research Products, San Diego, CA, USA; 1 : 100 pAb a-PARP p85 fragment, Promega, Madison, WI, USA; 1 : 1000 pAb a-cleaved caspase-3, Cell Signaling Technology, Beverly, MA; 1 : 2500 mAb a-cdk1, BD Transduction Laboratories, San Jose, CA; 1 : 400 p Ab a-p21
, Becton Dickinson; 1 : 500 pAb a-cyclin B and 1 : 500 pAb a-cyclin A; Sigma). Proteins were revealed with alkaline phosphatase conjugate antibodies (1 : 7500, Promega) and the NBT/BCIP color development substrates (Promega).
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